Abstract The validity of the calibrated severity scores on the ADOS as reported by Gotham et al. (J Autism Dev Disord 39: 693-705, 2009), was investigated in an independent sample of 1248 Dutch children with 1455 ADOS administrations (modules 1, 2 and 3). The greater comparability between ADOS administrations at different times, ages and in different modules, as reached by Gotham et al. with the calibrated severity measures, seems to be corroborated by the current study for module 1 and to a lesser extent for module 3. For module 2, the calibrated severity scores need to be further investigated within a sample that resembles Gotham's sample in age and level of verbal functioning.
chronological age and verbal IQ on ADOS outcome decreased for modules 2 and 3 (Gotham et al. 2007 (Gotham et al. , 2008 . In independent samples, the validity of the revised algorithms was corroborated, concluding that the sensitivity and specificity were better balanced (modules 2 and 3; De Bildt et al. 2009 ) and the diagnostic validity improved (modules 1 and 2; Oosterling et al. 2010a) .
By calibrating the scores on the revised algorithms, Gotham et al. (2009) intended to further decrease the influence of participant characteristics (e.g. developmental and age differences between children administered different modules) and aimed to ''approximate a severity measure for the construct of 'autism spectrum' as it is measured on the ADOS'' (Gotham et al. 2009, p. 694) . In clinical practice and research, the calibrated severity measure should be valuable for comparing ADOS assessments across time and modules; for indicating the severity of specific ASD behavior; for investigating the relationship between severity in ASD and levels of cognitive functioning; for identifying different trajectories in autism severity unrelated to verbal IQ; for describing the behavioral phenotype of ASD well over time and samples; and for selecting more homogeneous groups for studies.
The calibrated severity scores were based on the raw total scores on the revised algorithms (Social Affect and Restricted Repetitive Behaviors; SARRB; Gotham et al. 2007 ) in 1807 assessments of 1118 individuals with clinical ASD diagnoses. These were divided into eighteen calibration cells, based on the distributions of SARRB scores per age group in the developmental cells corresponding to the revised algorithm groups (cells shown in Fig. 1 ). Within these 18 cells, raw SARRB scores were converted to a 10-point severity metric, based on percentiles associated with each severity point, with standard scores 1-3 representing the nonspectrum ADOS classification, scores 4-5 ASD classifications and scores 6-10 autism classifications (AD; see Gotham et al. 2009, p. 699 for calibrated severity scores and corresponding raw scores and ADOS classifications).
The severity score distributions were found to be more uniform over the various calibration cells than the ADOS raw score distributions. The distributions of the calibrated severity scores in the separate diagnostic classification groups (AD vs non-autism ASD; non-autism ASD vs nonspectum) were better separated from each other.
Additionally, within the ASD classifications the influence of verbal IQ on ADOS outcome decreased from a large to medium effect size. Also, within the total sample, calibrated severity scores were less affected by other participant characteristics (such as age, or maternal education) than raw scores. The authors concluded that the calibrated severity scores are a better means to indicate autism severity than raw ADOS totals, relatively independent from verbal ability.
In the current paper we aim to investigate the validity of the calibrated severity scores in an independent sample of Dutch children administered with ADOS modules 1-3. Based on 1455 assessments from 1248 individuals, our goals are to examine the findings of Gotham et al. (2009) : (a) a more uniform distribution of the calibrated severity scores per calibration cell, compared to raw scores; (b) a clearer distinction between the diagnostic groups with respect to the severity of symptoms as measured with the ADOS; and (c) the relationship between the calibrated severity scores and age, level of verbal and non-verbal cognitive functioning, and maternal education. The findings from the Dutch sample will be compared to the original results from Gotham et al. (2009) .
Methods

Participants
With data of 1248 individuals the calibrated severity scores on the ADOS as developed by Gotham et al. (2009) were evaluated for modules 1, 2 and 3, for almost all calibration cells except module 2, younger than 5, age 2 (cell 10 in Table 2 ) and module 3, age 2-5 (cell 16 in Table 2 ). We were not able to investigate the calibrated severity scores in these groups since the cells did not fulfill our requirement of n [ 15.
Of these individuals, 107 had two ADOS assessments with contemporaneous clinical classification, and 50 had three ADOS assessments and clinical classifications, resulting in 1455 assessments. All repeated assessments took place within or between modules 1 and 2.
In 542 cases (37.3% of the assessments) the clinical diagnosis was AD, in 486 (33.4%) non-autism ASD (including Asperger Syndrome (AS; 11.3% of non-autism Data were provided by three Dutch University Centers for Child and Adolescent Psychiatry: in Groningen (n = 441), Utrecht (n = 407), and Nijmegen (n = 607). The ADOS administrations in Groningen en Utrecht had taken place as part of two large studies in the Netherlands concerning the genetics of ASDs. These studies included children referred for child-psychiatric problems/ASD, children recruited for a multi-incidence genetic study and children from an epidemiological study of ASD in mental retardation (population based; De Bildt et al. 2005) . This means that not all, and especially not all low-functioning participants from the current study were referred for problems in the autism spectrum, yet they were all evaluated by experienced clinicians. All children from Nijmegen were clinically referred, most of them within the context of an extensive early screening project for ASD (see Oosterling et al. 2010b for more detail).
The ages ranged from 2 through 16 years, with the same age range per module as in the study of Gotham and colleagues (2009; see also Table 1 for a description of the sample).
Differences between our sample and Gotham's sample were tested based on the 95% confidence intervals of the two samples. Significant differences are reported per module, developmental cell and diagnostic group.
Differences Module 1
In module 1 Some Words, all diagnostic groups had higher verbal IQ's in our sample and received lower scores on the ADOS Restricted Repetitive Behavior domain (RRB). Additionally, our autism sample had lower scores on the Autism Diagnostic Interview-Revised (ADI-R) RRB domain, and our nonspectrum group was older. In module 1 No Words, our non-autism ASD sample was older and verbally more capable (verbal IQ measured in only n = 19), and our autism sample was lower functioning nonverbally and received lower scores on both ADOS domains.
Differences Module 2
Our module 2, 5 and older Autism sample had a higher verbal IQ. This same group also scored significantly lower on the ADOS SA and RRB domains, and ADI-R Social and Verbal Communication domains. The only difference between Gotham's and our sample of module 2, 5 and older non-autism ASD yielded the lower scores of our group on the RRB domain of the ADOS. Our nonspectrum group of module 2, 5 and older had lower scores than Gotham's group on the RRB domains of ADI-R and ADOS, and on the Verbal Communication domain of the ADI-R.
For module 2, younger than 5, all our groups were older. Additionally, our autism group had lower scores on the ADI-R domains Verbal Communication and RRB, and on both ADOS domains. Our non-autism ASD group was verbally more capable and received lower scores on both ADOS domains. Our nonspectrum group had lower scores on the RRB domain of the ADI-R and ADOS, compared to Gotham's sample.
Differences Module 3
For module 3, our sample was older, had lower scores on the RRB domains of ADI-R and ADOS. Our nonspectrum group was lower functioning. Our non-autism ASD group had higher scores on Non-verbal Communication of the ADI-R.
Instruments
The ADOS and ADI-R were administered by trained psychologists or psychiatrists who met standard requirements of reliability and administration in research. The Autism Diagnostic Interview-Revised (ADI-R; Rutter et al. 2003) was available for 1038 assessments (71.3% of the sample).
Clinical classifications were based on DSM-IV-TR (APA 2000) criteria, and assigned by experienced clinicians, reviewing all available diagnostic information. The far majority of clinical classifications was established by a multidisciplinary team comprising minimally a child psychiatrist and a psychologist. The research classifications in one of the genetic studies (Groningen) were based on reviewing all available diagnostic information by one experienced clinician (n = 265; see also De Bildt et al. 2005) .
Measures of cognitive functioning were available for 1086 assessments (74.6% of the sample), based on standardized tests. In module 1, the majority of cases was tested with the Mullen Scales of Early Learning (MSEL; Mullen 1995), the Psycho Educational Profile-Revised (PEP-R; Schopler et al. 1990 ), or a Dutch nonverbal intelligence test, the Snijders-Oomen Niet-verbale intelligentie test-Revisie (SON-R; Snijders et al. 1996) . In module 2, the SON-R and WPPSI-R (Wechsler 1989; Vander Steene and Bos 1997) were administered most frequently, and in module 3 Wechsler Scales (WISC-III- NL (Wechsler 1992; Kort et al. 2005) , WISC-R (Wechsler 1974; Vander Steene et al. 1986 ), WPPSI-R), or RAVEN progressive matrices (Raven 1995 (Raven , 1996 were most frequently applied.
Design and Analysis
First, differences in reported raw and calibrated severity scores between the study of Gotham and colleagues and the current study were tested based on 95% confidence interval calculations using mean scores, SD and sample size. When the confidence intervals (partially) overlap, the difference between the reported mean scores is not significant. A found difference is only significant (p \ .05) when the 95% confidence intervals of the mean scores do not show any overlap. Second, to examine the expected increase in uniformity of the distributions of the calibrated severity scores, these distributions were obtained for each age/language cell (Fig. 1) , and compared to the distributions of raw scores per age/language cell, for participants with a clinical ASD classification only (in accordance with Gotham et al. 2009 ). Third, the distributions of calibrated severity scores were compared over the three diagnostic groups (AD, non-autism ASD, nonspectrum) in order to investigate the expected increase in heterogeneity of the severity distribution per diagnostic group. Last, to investigate the relationship between the raw and calibrated severity scores on one hand and age, level of verbal and non-verbal cognitive functioning and maternal education on the other, Pearson r correlations were computed.
Results
Comparison of the Raw and Calibrated Severity Scores to the Findings of Gotham et al. (2009) In the current sample, participants with a clinical ASD classification showed consistently lower raw scores compared to the sample of Gotham et al., on the ADOS SARRB algorithm for all modules, yet most so for module1 No Words and both modules 2. Mean scores of the current sample are shown in Table 2 , with mean scores from Gotham's sample in parentheses. Significantly lower raw scores than in Gotham's sample (2009) were reported for ten out of 16 cells investigated in this study. Raw score differences from Gotham's sample varied from one point to six (mod 2, ages 9-16) or seven points (m2 ages 5-6 and m2 ages 7-8). As can be seen in Table 1 , the current sample had low RRB-scores in module 1 Some Words and module 3 (significantly lower than Gotham's sample (2009) ). In these modules, the differences seem to be caused to a large extent by the lower RRB scores. In module 2 (younger than 5 and 5 and older) and module 1 No Words, there was a difference in the clinical ASD groups in SARRB scores (and not RRB only). The ADOSclassification based on the mean calibrated severity scores was AD for eight out of 16 cells, identical to the classifications in these cells in the study of Gotham et al. (2009) The other eight fell into the ASD range, differing from Gotham's group (all AD classifications). The comparisons additionally showed that, with respect to the height of the scores, the assessments of the ADOS in ten of the 16 cells in the Dutch sample significantly differed from those in Gotham's sample. In seven out of these ten cells, this lead to a lower classification. In three cells the lower scores did not result in lower classifications. However in one cell (module 3, age 6-9) scores did not differ significantly, yet lead to a lower classification in the Dutch sample.
Distributions of Raw and Calibrated Severity Scores Over Age/Language Level for ASD Classifications
The current sample showed distributions of raw scores (shown in Fig. 2 ), comparable to Gotham et al. (2009) , although lower, in module 1 No Words, module 1 Some Words and module 3. Cells 11-15 (module 2 groups) showed a different pattern: the raw score distributions in the current sample were lower and did not show a gradual increase towards higher scores for older age groups.
For module 1, the distributions of calibrated severity scores per calibration cell (Fig. 3) were more uniform than the distributions of raw scores. For module 2, the severity scores were rather uniform, yet low (in the lower range of or below the AD-range) and not clearly more uniform than the raw score distributions. The calibrated severity score distributions in module 3 were broad, ranging from 3 through 8 or 9. The calibrated severity score distributions were not clearly more uniform than the raw score distributions.
Distributions of Raw and Calibrated Severity Scores Over Diagnostic Groups
The distributions of calibrated severity scores differed between the three diagnostic groups (clinical classifications of AD, non-autism ASD and nonspectrum; Fig. 5 ), except for the clinical non-autism ASD group. The scores in this group overlapped with the AD group on one point, with scores in the AD range (calibrated severity score of 6) and slightly with the nonspectrum group (with scores on the borderline between nonspectrum and non-autism ASD range). Calibrated severity scores were not better separated from each other between diagnostic groups than raw scores (see for raw scores Fig. 4) . Table  2 for a key of the 18 cells Table 2 for a key of the 18 cells
With respect to maternal education and age, no meaningful correlations were found with either the raw scores on the SARRB algorithm (Pearson r for maternal education .029, p = .433, n = 727; for age r = -.064, p \ .001, n = 1455) or the calibrated severity scores (Pearson r for maternal education .028, p = .447, n = 727; for age r = .069, p = .008, n = 1455). Levels of verbal and nonverbal cognitive functioning showed a higher correlation with raw scores on the SARRB algorithm (Pearson r for PEP Ratio IQ -.398 p \ .001, n = 130; for VIQ r = -.252 p \ .001, n = 685; for NVIQ r = -.333 p \ .001, n = 1063) than with calibrated severity scores on the SARRB algorithm (Pearson r for PEP Ratio IQ -.235 p = .007, n = 130; for VIQ r = -.128 p = .001, n = 685; for NVIQ r = -.209 p \ .001, n = 1063). Although all values except for maternal education were significant, none of them were high enough to be of any meaning.
Discussion
The results from the current study corroborate the calibrated severity scores of the ADOS as developed by Gotham et al. (2009) for module 1 and to a lesser extent module 3, in an independent sample. The calibrated severity scores discriminate the clinical AD, non-autism ASD and nonspectrum classifications well, and are more comparable over various developmental cells than the raw scores on the ADOS, especially in module 1, and somewhat less so in module 3. The calibrated severity scores show good validity in this independent sample, even when considering the differences between the current and Gotham's sample. The Dutch sample with a clinical AD classification contained children with relatively low scores on the ADOS and ADI-R, indicating that this group was not on the severest end of the autism spectrum. Still, for module 1 and to a lesser extent for module 3 the calibrated severity scores were replicated. Additionally, the relatively high ages (in the non-autism ASD groups) did not affect the validity of the calibrated severity scores in modules 1 and 3. Differences in levels of verbal and non-verbal cognitive functioning between the current and Gotham's sample did not affect the validity either. In modules 1 and 3, the ADOS algorithm showed to be rather independent from various predicting factors. The relationship between the ADOS algorithm raw scores and age and level of maternal education was already small, and did not change when computed for the calibrated severity scores. Calibrated severity scores showed to be less related to level of cognitive functioning than raw scores, indicating a greater independence from this factor. Therefore, the current study corroborates that the calibrated severity scores are a valid measure for severity of autism spectrum features with respect to module 1 and module 3.
For module 2, the current study does not replicate the metric of calibrated severity scores. Although the calibrated severity scores were more independent from level of cognitive functioning, their distributions were not more uniform than the raw score distributions. The mean calibrated severity scores were low, which is most probably due to the characteristics of the Dutch module 2 sample, including children with low scores on the ADI-R and especially ADOS in the AD and non-autism ASD groups. The low raw scores inevitably lead to lower calibrated severity scores. The question is why children with a clinical A(S)D diagnosis have received such low scores on the ADOS module 2. Age does not seem to be of any influence, since the Dutch children administered with module 2 were only 1 to 9 months older than in Gotham's group, comparable to the age difference between the samples of modules 1 and 3. However, a higher age in combination with higher verbal IQ's may indicate a choice for a too easy module for some children administered with module 2. Consequently, as reported by Klein-Tasman et al. (2007) , children with AD may have been identified, whereas children with non-autism ASD may have reached ADOSscores outside the autism spectrum. Another explanation for lack of replication for module 2 and a less clear replication for module 3 may be that the proportions of children with a clinical diagnosis of AD versus non-autism ASD differ enormously between the Dutch sample and the sample of Gotham et al. (2009) . In Gotham's study, in module 2 children with AD outnumbered children with non-autism ASD (253 (61.4%):159), in the Dutch sample this was the other way around (125 (44.5%):156). For module 3, Gotham studied 178 (41.6%) children with AD and 250 with non-autism ASD, whereas the Dutch module 3 sample contained 99 (29.2%) children with AD and 240 with non-autism ASD. This will very likely have influenced the results, due to lower scores on the ADOS for children with non-autism ASD compared to children with AD and perhaps more irregular scoring patterns on the ADOS in children with a final non-autism ASD diagnosis.
Another remarkable finding from the current study is that for all modules the Dutch sample showed significantly lower scores on the ADOS RRB domain, except for module 1 No Words non-autism ASD and nonspectrum group. For one reason or another, RRB is less frequently reported in the Dutch sample. This finding does not seem to be related to the ADOS administration as such, since most groups showed lower RRB scores on the ADI-R as well. One explanation may be that groups from the current sample were often older than Gotham's sample. Reports of abating repetitive restricted behavior with age (see for example Esbensen et al. 2009 ) indicate that RRBs may tend to occur less often in the Dutch sample than in Gotham's sample, simply because of age. However, first this does not take into account the lower RRB scores on the ADI-R, which reflects such behaviors during development based on their 'ever' scores. Second, the age difference is not that large that this explanation would be very likely. It is not plausible either that the level of cognitive functioning influences this finding. Not only the A(S)D groups showed lower RRB scores, yet also the nonspectrum groups had lower scores RRB than Gotham's nonspectrum groups. Whether the difference in reported RRB is a difference in actual occurrence of the behaviors or in the identification of these behaviors as RRB is unclear. To our knowledge, intercultural differences with respect to RRB have not been reported. This issue cannot be further investigated with the current data. More research on this difference is nevertheless very important, especially with the current development towards the DSM-V, in which the RRB domain will be more prominently present.
Limitations
As was the case in Gotham's study, the current sample was not a population based sample. Additionally, the fact that the ADOS administrations that were analyzed were collected over a 10 year period may have influenced the results, due to the changes in identification of ASDs. Last, the current study does not elaborate the knowledge on longitudinal variations or developmental trajectories within children. Due to the small amount of repeated ADOS administrations, and more so due to the small range in which these repeated measures took place (within or between modules 1 and 2) trajectories could not be well investigated. More important, numbers of participants in some calibration cells were so small (e.g. cell 10 and cell 16, Table 2), that replication of the metric of calibrated severity scores could not be performed for children in module 2, age 2 and module 3 age 2-5.
Conclusion
The greater comparability between ADOS administrations at different times, ages and in different modules, as reached by Gotham et al. (2009) with the calibrated severity measures, seems to be corroborated by the current study for module 1 and to a lesser extent for module 3. This replication endorses the value of the calibrated severity scores as a way to compare ADOS scores across time, age and module and its value as a measure of ASD severity. For module 2, the calibrated severity scores need to be further investigated within a sample that resembles Gotham's sample in age and level of verbal functioning. The fact that the results were replicated in module 1 is especially promising, since nowadays ASDs are identified earlier, and calibrated severity measures seem to be an indication of severity of symptoms, and adaptive and problem behavior, outcome and changes over time (Gotham et al. 2009 ). The earlier an ASD is identified, and the better the clinical characteristics and severity of the symptoms can be specified at that time, the better and more specific care can be provided, and the better its effect can be measured over time. However, it should be kept in mind that the ADOS, and therefore its calibrated severity scores, are only part of the diagnosis of an individual with an ASD, which should be extended with broader information from various sources in order to complete the clinical picture.
